The values of expansibility factor of gas were defined more accurately based on the values obtained by Seidl in CEESI using the equation of mass flowrate and on the basis of experimental data (differential pressure across the orifice plate, mass flowrate, absolute static pressure and temperature of air) for orifice plates with flange pressure tappings and diameter ratios of 0.242, 0.363, 0.484, 0.5445, 0.6655, 0.728 and pipe internal diameter of 52.48 mm (2.066 in.). When obtaining the values of expansibility factor of gas, the Stolz equation was used by Seidl to calculate the discharge coefficient for Reynolds numbers equal to infinity. New values of expansibility factor of gas are defined more accurately by us with taking into account the Reader-Harris/Gallagher equation for calculating the discharge coefficient for the actual Reynolds numbers of gas in the pipe. Based on these new more accurate data a new equation for calculating the expansibility factor of gas for orifice plate with flange pressure tappings is developed. The comparison and analysis of the expansibility factor calculated according to the equation given in ISO 5167:2-2003 and according to the new developed equation is presented in the paper. The equation in ISO 5167:2-2003 for computing the gas expansibility factor is developed for all three types of pressure tappings arrangement. In this case the scattering of discharge coefficient values being applied for deriving the expansibility factor equation is large for the same set of input data. It is shown that the shortcomings mentioned above are eliminated in the new equation and the standard deviation of the expansibility factor calculated according to the new equation from the new accurate experimental values is smaller. New formula for calculating the relative expanded uncertainty of expansibility factor for orifice plate with flange pressure tappings is also presented in the paper.
Introduction
The pressure differential method with a standard primary device is the most widespread method for measurement of flowrate and volume of fluid energy carriers. One of the ways to improve the accuracy of flowrate and volume measurement is development and application of new formulae for calculating the coefficients of the flowrate equation to provide reduction of uncertainty when calculating these coefficients. The expansibility factor of gas is a part of the flowrate equation and improvement of accuracy of this factor is very important. This work deals with defining the experimental values of the expansibility factor for gas more accurately and the new equation for calculating the gas expansibility factor more accurately is developed.
Analysis of recent research works and publications
The firs experimental research works for expansibility factor of gas were carried out in Los Angeles in 1929. Based on these works Buckingham [1] derived an equation for defining the gas expansibility factor ε B as follows 
where β is diameter ratio of orifice plate; ∆p is differential pressure across the orifice plate; p is absolute pressure; κ is isentropic exponent.
The equation (1) was included in the following normative documents ISO 5167-91 [2] , RD 50-213-80 [3] and GOST 8.563.1-97 [4] .
But the influence of Reynolds number on discharge coefficient of orifice plate was neglected by Buckingham when analyzing the experimental data. He considered that discharge coefficient for Reynolds numbers higher than 2·10 5 ·β is constant. According to the recent experimental data [5] - [9] the discharge coefficient varies at Re > 2·10 5 ·β. Nevertheless the general structure of this equation was the basis for other equations for calculation of gas expansibility factor.
Thibessard [10] has proposed another structure of equation for calculating the gas expansibility factor ε T c b a
where τ is defined according to the equation
The value of coefficient c is equal to 0.935. This value was later taken equal to unity by Reader-Harris [11] .
Experimental research works on air expansibility factor were carried out by Reid J. [12] at National Engineering Laboratory (NEL) for pipe internal diameter of 100 mm (4-inch), for three diameter ratios (0.2006; 0.57; 0.7501), for orifice plate with various types of tappings and for absolute pressure of air in the range of 140 to 800 kPa. The mass flowrate of air was set by means of reference sonic nozzle. It provided the Reynolds number of air flow which could be considered to be constant. The Reynolds number deviations were not more than 2 % of the mean value of Reynolds number. During the experiments [12] the expansibility factor was defined a
where (Cε 1 ) g is the measured value of product of discharge coefficient and expansibility factor of air for the same orifice plate, C w is the orifice plate discharge coefficient calculated for water according to Stolz equation [2] .
Based on the experimental data, a new formula for gas expansibility factor ε 1 was proposed by NEL [12]   
The coefficient b in equation (5) is the slope coefficient which depends on the orifice plate diameter ratio.
The experimental data for orifice plate diameter ratio of β = 0.2006 were later defined more accurately by NEL [13] and a new formula for calculating the gas expansibility factor ε 2 was derived as follows
where b* is the coefficient which depends on the orifice plate diameter ratio and is defined as follows
Experimental data for air expansibility factor were obtained by Seidl [14] for orifice plates with flange pressure tappings with the diameter ratios of 0.242, 0.363, 0.484, 0.5445, 0.6655 and 0.726, for pipe with the internal diameter of 52.48 mm and the absolute pressure of air in the range of 115 to 2150 kPa.
The experimental data were obtained for orifice plate installed upstream of reference sonic Venturi nozzle. The inlet pressure and temperature of air upstream of the reference sonic Venturi nozzle were regulated to maintain the constant value of mass flowrate of air and the Reynolds number. The heat exchanger was installed upstream of orifice plate to provide minimal variations of temperature and of Reynolds number correspondingly.
Since the mass flowrate of air was maintained constant, the main part of the uncertainty of flowrate measurement was caused by measurement of static pressure of air and by measurement of differential pressure across the orifice plate. The static pressure of air was measured by means of a quartz manometer of overpressure with the uncertainty of measurement of ±0.012 %. The differential pressure across the orifice plate was measured by means of two intellectual measuring transducers. The ambient temperature variations and variations of static pressure of air in the pipe were compensated by these measuring transducers. The differential pressure measuring transducers were maid by two different companies and the result of differential pressure measurement was the mean value of the readings of the two measuring transducers. The uncertainty of differential pressure measurement was equal ±0.1 %. The air temperature was measured by means of a thermoelectric couple with the uncertainty of ±0.1 °С.
The expansibility factor ε S was defined by Seidl according to the following equation [14] 
, (8) where q m is the air mass flowrate which was set by means of reference sonic Venturi nozzle, C ∞ is discharge coefficient calculated for incompressible fluid according to Stolz equation at Reynolds number equal to infinity, ρ 1 is air density upstream of the orifice plate with flange pressure tappings at absolute pressure p and thermodynamic temperature T.
Based on the equations (2) and (3), a new formula for calculating expansibility factor of gas at its flow through an orifice plate with any type of pressure tapping arrangement was derived by Reader-Harris [11] . This equation was included in ISO 5167-2:2003 [15] . The gas expansibility factor ε RH for orifice plates with any type of pressure tapping arrangement according to [11] is calculated as follows
Based on the analysis of the existing formulae for the calculation of expansibility factor ε and by comparing these formulae with the existing experimental data, we defined that all the formulae do not provide minimal errors and minimal systematic errors in particular due to the following factors:
 equations (1) and (9) for calculation of gas expansibility factor are derived by Buckingham [1] and ReaderHarris [11] with application of Stolz equation but not with application of the more accurate ReaderHarris/Gallagher equation [5, 6] for calculation of orifice plate discharge coefficient;
 the experimental values of gas expansibility factor were defined for orifice plate discharge coefficients C ∞ calculated for Reynolds numbers equal to infinity but not for the actual Reynolds numbers;
 equations (1) and (9) for calculation of gas expansibility factor were derived for orifice plates with any type of pressure tapping arrangement but for various types of pressure tapping arrangement the values of discharge coefficients vary considerably at the same input data which makes influence on the gas expansibility factor.
All these factors lead to overstatement of gas expansibility factors calculated according to equations (1) and (9) in comparison to the experimental data obtained by Seidl [14] for gas flow through an orifice plate with flange pressure tappings. The calculated results of gas expansibility factors according to equations (1) and (9) include a systematic component error which is not desirable for calculation of gas flowrate and volume.
The objective of this work is to define the experimental values of gas expansibility factor more accurately based on the experiments carried out by Seidl [14] and to develop a new equation for calculation of expansibility factor of gas at its flow though an orifice plate with flange pressure tappings in order to provide higher accuracy of flowrate calculation.
Correction of experimental data
Let's recalculate the experimental values of expansibility factor ε S of air obtained by Seidl [14] , using ReaderHarris/Gallagher equation [15] for discharge coefficient C RH for orifice plates with flange pressure tappings according to the following equation
The value of discharge coefficient C ∞ for an orifice plate with flange pressure tappings was calculated according to Stolz equation [2] for Reynolds number equal to infinity as follows 
where L 1 and L 2 for orifice plates with flange pressure tappings are calculated in the following way
The value of discharge coefficient C RH for an orifice plate with flange pressure tappings was calculated according to Reader-Harris/Gallagher equation [15] 
where
The experimental values of air expansibility factor ε S [14] and the new corrected values of air expansibility factor ε Ne calculated according to equation (10) are presented in Table 1 . 
Development of a new equation
The most important thing when developing a new equation for gas expansibility factor is to define the structure of the equation. On the basis of the research carried out by us, we defined that the most accurate equation to fit the corrected values of air expansibility factor is
Based on the experimental values of gas expansibility factor the values of a S and b S coefficients (they correspond to a and b coefficients in equation (5)) were derived by Seidl and the values of these coefficients are presented in Table 2 . Using the least-squares method we have obtained the values of a N and b N coefficients to fit the corrected values of gas expansibility factor (see Table 1 ) and the values of these coefficients are also presented in Table 2 . As we can see from Table 2 , application of discharge coefficient C ∞ calculated according to Stolz equation when defining the gas expansibility factor according to the experimental data [14] leads to the value of a S coefficient approaching zero. That is why a S coefficient can be neglected at development of equation for gas expansibility factor.
If we apply discharge coefficient C RH calculated according to Reader-Harris/Gallagher equation when defining the gas expansibility factor according to the corrected experimental data, the value of a N coefficient in equation (15) does not approach zero (see Table 2 ). That is why a N coefficient cannot be neglected at development of equation for gas expansibility factor.
Let's obtain the formulae for calculation of a N and b N coefficients defined for the corrected experimental values of gas expansibility factor.
Since a N coefficient is constant and it does not depend on the diameter ratio of orifice plate, it can be defined as mean value of the values given in Table 2 for the corrected experimental data of expansibility factor ε Ne of air and its value a N = 0.006977. Table 2 is a function of diameter ratio β of orifice plate. Table 3 .
Coefficient b N with its values given in
Based on the research we defined that the most accurate equation for b N coefficient is the following equation [11] 
The relative deviation δε N of the corrected experimental values and the values of expansibility factor calculated according to equation (19) are given in Table 4 . As we can see from Table 4 , maximum relative deviation δε N is 0.61 % which is twice as little as maximum relative deviation δε RH of values of expansibility factor calculated according to the known equation (9) 
After decomposing the term [1-(1-Δp/p) 1/κ ] in the numerator of equation (21) into Maclaurin series for the value of Δp/p and after taking its first term Δp/(κ·p), for β=0.75, Δp/p=0.25 and κ=1 in the denominator of equation (21) when the value of the uncertainty is maximal, we obtain a new formula for the relative expanded uncertainty of expansibility factor
As it was expected, formula (22) in comparison to the known analogous formula in [15] gives smaller values of the relative expanded uncertainty of expansibility factor for equal input values.
Conclusions
It is shown that during experimental research works on gas expansibility factor a number of coefficients of flowrate equation, and discharge coefficient in particular, are used to define the values of expansibility factor and inaccuracy of these coefficients makes influence on the uncertainty of expansibility factor.
It is defined that the formulae in force at present for gas expansibility factor include a systematic component error caused by the following factors:
 the known formulae for expansibility factor are derived with application of Stolz equation for calculation of orifice plate discharge coefficient and a larger value of uncertainty is assigned to this equation in comparison to Reader-Harris/Gallagher equation;
 the experimental values of expansibility factor were defined according to the values of orifice plate discharge coefficient calculated not for the actual Reynolds numbers but for Reynolds numbers equal to infinity.
By taking into account the actual values of orifice plate discharge coefficient, the experimental data for gas expansibility factor are defined more accurately for orifice plates with flange pressure tappings.
New equation for gas expansibility factor for orifice plates with flange pressure tappings is developed and it provides higher accuracy according to the existing experimental data. The average distribution of the relative deviation and the maximal relative deviation for the existing set of experimental data are -0.004 % and 0.61 % correspondingly for the new developed equation instead of 0.71 % and 1.21 % correspondingly for the known formula.
New equation for relative expanded uncertainty of expansibility factor is developed with taking into account the influencing parameters of fluid and flow. The new equation provides decrease of relative expanded uncertainty of expansibility factor. 
Розрахунок коефіцієнта розширення газу при його протіканні через діафрагму з фланцевим відбором тиску

Анотація
У статті наведені уточнені значення коефіцієнта розширення газу на основі значень отриманих Давидом Зейдлем у Колорадському інженерно-експериментальному центрі (CEESI) із застосуванням рівняння масової витрати газу для діафрагми з фланцевим способом відбору тиску і значень відносного діаметра отвору діафрагми від 0,242 до 0,728 для значення внутрішнього діаметру трубопроводу 52,48 мм (2,066 дюйма). При отриманні значень коефіцієнта розширення Зейдль застосував рівняння коефіцієнта витікання Штольца для значення числа Рейнольдса рівного нескінченності. Авторами були уточнені значення коефіцієнта розширення газу, застосовуючи нове рівняння коефіцієнта витікання Рідера-Харіса/Галахера для реальних значень числа Рейнольдса. На базі уточнених значень коефіцієнта розширення газу авторами було розроблене нове рівняння для його розрахунку, що зменшило максимальне відхилення значення коефіцієнта розширення газу відносно рівняння, яке застосовується в ISO 5167-2:2003. Авторами також розроблено нове рівняння для розрахунку відносної розширеної невизначеності коефіцієнта розширення повітря, яке також наведене у статті.
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